Identification of Molecules
In the RxFPMC (reactive first principles Monte Carlo) approach, molecules are simply aggregates of atoms. Thus, a set of criteria is needed to determine speciation (composition in terms of aggregates/molecules). Here we follow the Stillinger approach [Stillinger, F. H. J. Chem. Phys. 1963 , 38, 1486 -1494 and use a geometric cut-off criterion to determine whether any two atoms belong to the same aggregate. Such a criterion does not restrict the size of aggregates (i.e., the number of atoms in a molecule). 
Numerical Values for Speciation

Reaction Energies
As validation for the implementation of the different density functionals and of the pseudopotential approach utilized in the RxFPMC simulations within CP2K, we calculate compound energies for N 2 , O 2 , and NO (in singlet, triplet, and doublet states, respectively) and the resulting reaction energy, ∆E, using isolated molecules in a periodic box with a linear dimension of 12.5 Å (i.e., similar to the average box size for the RxFPMC simulations) and a cutoff at 600 Ry. We have validated that removing the interactions with periodic images via the Martyna-Tuckerman approach leads to changes in the reaction energies that are less than 0.01 kJ/mol. Table S1 compares these data to all-electron calculations for isolated molecules. In all cases, the pseudopotential calculation yields a slightly larger ∆E value than the all-electron calculations. The deviations in ∆E values for pseudopotential and all-electron approaches are 0.3, 2.8, and 1.3 kJ/mol for the BLYP, VV10, and M06
functionals. Furthermore, the order of the ∆E values is preserved with VV10 yielding the least endothermic reaction and M06 yielding the most endothermic reaction. The corresponding ∆∆E values between most and least endothermic are only 5.0 and 3.5 kJ/mol for the pseudopotential and all-electron calculations. Can. J. Phys. 1980 Phys. , 58, 1200 Phys. -1211 Perdew, J. P.; Zunger, A. Phys. Rev. B 1981, 23, 5048-5079.] Numerical Values for Bond Lengths 
